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Optimal Design for Complete Diallel Crosses

Kuey Chung Choil’, Young Nam Son2?

Abstract

In this paper, optimal block designs for complete diallel crosses are proposed. These
optimal block designs for estimating general combining abilities are constructed by
using balanced incomplete block designs and nested balanced incomplete block
designs. Also, the efficiency of the optimal block design obtained through this method
is reported in table.
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1. A&

ol ™ wull (diallel cross) AL F - A& §F AP Z AT (inbred line)?] 33
Apsted ol45E AA Y] AlE(mating design)olth. M2 & {FAAA EAE = p
ZRAENA A 2aASH A 2aAEY e (xHNT UYEL 2.8 2%
He Mz g2 awe 8 A Griffing(1956)  n.o @ 4744 &
(Complete Diallel Cross: CDO)AI8 S Aostded, € dFdAE »n.=p(p—1)/290 CDCAE
< mE g}

CDCOlA p7hel T A= Uukzd % (general combining ability: gca)S vl 3t7] #138}
Gupta®t Kageyama (1994)7} Preece(1967)¢] £ 8 73 Bgv] BEAE S A&t FAlHo
2 #AZ(universally optima)$l EEZAEL FAdE WES d75AU2L  Dey® Mihda(1996)=
2}7bs BRFE E9hu| B2 (Partially Balanced Incomplete Block : PBIB) I8 & o} &3t= W
o 28R T3 25& 417ty PBIB AZesRE TASE B5 CDC Aol £AFHA2
o) mul olya, B3 A, =092 4243 PBIB AYL ol&¥L Aede FAHoz A A
A =59t} Das, Dey 123 Dean(1998)& Dey 5(1996)2] W& FAAAA A, +0 B+
HNE B2 CDCAHol AHoz HAAYo 7] & 21& AAFATH Choigt Son(2001)
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]

< 242 2 dF 738 E 96 E 2 Balanced Incomplete Block : BIB) Alg o 2R H &
4 B% CDC A¥e FAHSE wEe ANSED, UH BB Ao fEdE 47
PBIB A &9 o(complementary)Al &< o] &3 £5 CDC Algo] FAA AAAFLE Aot

2 dFdAME= BB A¥d Aid 78 E¢H EZ(Nested Balanced Incomplete Block:
NBIB)AI 8-S A&t 24 p bk v, ns e £ CDC A8S FAs= wHd Guptast
Kageyama (1994), Das, Dey 83 Dean(1998)¢] ¥ 3 #83% 42 3 B2 CDCAE <
ol A &84S AAEnA T

i
‘m o
rok

i

2. A8 7Y

)

nHe Az 9& T’LHHS— =5

AYel ol &HE wule] & Fe}

A7 kA bNel EE wjX 3t olHuuj A g AN ng
™ 23 (Singh® Hinkelmann, 1995)& olgje} o] Aot}

|

O

A7 Ye ax]l &2 & dgoln p= IARLT, 1,2 B 847 1% #x]1 HAEHE YEW
o £33, g=(g,82,--,8) % B=(81,8,....B))'E A gca EFHHEHL} EZSAANHE
Yetlie 4,4, 247 prle gead bR EEC digste Al¥AEola g5 Hol 0, ¥
Abo] #9 ux1 22 WE ot

2y @2DAAM gea AFHE g8 FAs7] AT ARYE Ce d5H 2ol FAdHGupta
9} Kageyama,1994).

A7 rE A FaRATY BB oy, KG=1,2,...,0F N (7,0 & 2 & o
G=(gy)e WANDZAN go=r;, g;=ry;, j=1,2....,p °1Z TI'=d,4,%= pxb 224

5 - 2% UEgde Ui,
9 2o 22493 9280 277 2 ARE 7Y 29¥] 2EAYE ojgae] 2

Z CDC Ag& 748 WHS A492d bd53 2
HA ofefe} e B4E ZE BIB AlgS Dol stx
Ul_—'p, bl’ Yy, kl! /11 (23)

Aol 71 Do 8379 2 NBIB Al8E Dyt 83 o] AFe] (249 E5E ZdeEnii
3k,
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vo="Fky, by, by, ky, kp=2, r, Ay, An 2.4)

(239 558 2= AY Do 4 B2 A2 B2 ke 2uASe] JB}nz o5 21
AR sl MUz EA 13H A7EAE A dE #4938 o, NBIB A8 Dol Yebd A
gE DY ARSI tigdte cuAFoR dAstd otgst 22 Z4E Z= NBIB AY
Dyt FA 9
v3=0p, by =brby, bp=0>bbyn, ky=ky, kn=2,
r3=7r173, Ay = Ay, An =414 (2.5)
25)9F (26)8) by, ky, 7i, Ay (1=2,3)E NBIB A8 D; (i=2,3)4 ztz 28 &, E237],
Aol wES aga 5 HEgrst A4 JEve EEY £& UE, by, ky, Ay (1=2,3)
A Di(i=2 DA Az N EZS F, st EEY V] g F At FAC ey

A NBB ﬁlé}oﬂxﬂ 59 A7Vt 29 stlE Sl Yehd AYgR wujE A48t
g zZte EE CDC Ao A=
, b=biby, k=ky /2, r.=2b bp/{p(p— 1D}, n=>bbyk (2.6)
ANy Wl (4,5)9 wHEFol pd ojWuH] Age] F4E YEetdTh

Ao FHS AY D} Dyt EAE W o]5L o8 £F CDC A¥S FAs= dvd
Q) wrolct watd Dol &R o D,o FAWHOZ olefe] Case 1 - Case 59 o]
Gupta®} Kageyama(1994), Das, Dey 9 Dean(1998)2] WH & o] &3lH 2+ FA4 4 E
% CDC Algs A #4848 + Ut

S

9"/ 1
Dk

ta

+

i

N
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Case 1. [Gupta®} Kageyama(1994), Series 1]

Dy: vy=p,b,r,k=2t+10=2), 4

Dy 1 vy =2t+1, by =2t+1, by = H2t+ 1), kyy =28, kyy =2, 79 =21,y =2{— 1,45 =1
D: pb=1b, 2t+1), k=1t r.=2b {2t+1)/{p(p— 1)}, n=b;H2t+1)

Case 2. [Gupta®} kageyama(1994), Series 2]

Dy vy=p, by, 7, by =2t (21, 4

Dyt vy =20 by =2—1, by = K24—1), by =2, by =2, 7y = 24— 1,y =2—1,p =1
D: pb=b2t—1),k=tr.=2b H2t—1)[{p(p— 1)}, n=b; K2t—1)

Case 3. [Das, Dey 281 Dean(1998), Familiy 1]
D] v =p, b1,7’1,k1:4t+1(t21),/11
Dz : 02=4t+1,b21=t(4t+1),b22=2t(4t+1),k21=4,k22=2, 7’2=4t,/121 =3,/122=1
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D p,b=b H4t+1),k=2,7.=4b K4t+ D/{p(p— 1), n=2b, (4t+1)

Case 4. [Das, Dey 28] 1 Dean(1998), Familiy 2]

D, vy=pb,7,k=6t+1(=1), 4

Dyt vy =6t+1, by = K6t+1), by =3K6t+1), by =6 by =2, 7y =61+ 1, Ay =5,4p =1
D: pb=10b K6t+1),k=3, r.=6b, 6¢+1)/{p(p—1)}, n=23b {6+ 1)

Case 5. [Das, Dey 283 Dean(1998), Familiy 4]

D, vy=p,b,7r,k=2t+1(t=2), 4,

Dy vy =2t+1, by = H2t+ 1), byy =202t+1), kyy =4, kyy =2, vy =41, Ay =6, =2
D: pb=0bK2t+1),k=2,r.=4b K2t+ 1) /{p(p— 1)}, n=2b 2¢+1)

A 1. Case 1 - Case 59 €% CDCAE De FA% HAA Lo,
™. Case 1 - Case 59 5 CDC A& D7t £A4A AALLS Eol7] fsixe DY HB
Fdo] gdIPEoln #{(C)7F Hoirt F& Bold drh(Kiefer, 1975).
Case 1 - Case 59 AE DM E Z EZd HZ & g9 2uAFel velvdx AE D,
ANMe EE29 AV ky(<k ) 4 ESdd vy, =k N A7t 71 A8k g Yeptez A
<% vt} Zol DI D& ol &3t AY DE FH o] AL o|X(binary) A go] dAct o
244 Das, Dey 28 & Dean(1998)9] (24)5 ol-&3std A& Do ARFE Ce QNI ooz
AP Ho] Hrt

C=(p—1)""26(k— 1)L, — 7" J,) 2.7)

=(p—1D7! by by (kyy —2)(I, _D_I]p),

A7IA L= pxp @B Eoln J, ' RE 847 1 pxXp FF ot
BF7b p,b=byby, k=FkyQd ©)W = CDC A¥YE det & W Das, Dey 2832 Dean(1998)
o] (2.3) wet

tH{Cy) < 26(k—1)= by by (kz —-2) (2.8)

olzr AlE D9 tH{C)=b1by(ky —2)ol22 AF D2 (O A’ Ik wakA casel
-case 59 52 CDC A& D= FAA A Ado 9 [

Oﬂlﬂ 1. p=7°é IIH’ E’-—'/F7}' 0127,b1:7,71=4,k1 =4,A1=2?_]. BIB 71“‘5—:1] Dl‘ﬂ]' E—‘/"l:7}'
’1)2=4,b21=3,b22=6,k21=4,k22=2,7’223,/121 23,/122 zlﬂ NBIB ﬁ]g Dz% :FLAéﬁaL '/F‘
Ak D9 2+ EFC YEbd 4719 AP s «AHITEA 1, 2, 3, 48 R o3, A8 D,
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o Jveihd H2E Do AWz g&ste FuAgeR dAsE  Eerh p=7,06=121,
k=2, r.,=2, n=42%0 FAHo2 A< &= CDCAY D7t #4€vh A% D, D, 2131
Dol EE2 ofdiet 2

D, - | Dy {(2,3), (1,49}, {(1,3), 2,4)), {(1,2), (3,4))
{3, 5, 6, 7} {((5 x6), (3 x7), (3 x6), (5xT)}, {(3X5), (6xX7N)}
{1, 4, 6, 7} {(4 x6), (1 xD}, {1 x6), (4 x7D}, {1 xX4), (6 X7}
{1, 2,5 7} {(2 x5), 1 XD}, {1 x5), 2 x7}, {Q X2), (65X}
{1,2,3 6} | D|{2x3), A x6)}, {1 x3), 2x6)}, {0 Xx2), 3 x6)}
(2, 3, 4, 7} {8 x4), (2 XD}, {2 x4), B X7}, {2 x3), (4 X7}
{1, 3, 4, 5} {(3 x4), (1 x5)}, {(1 x4), 3 x5}, {(1 X3), (4 X5)}
{2, 4, 5, 6} {(4 x5), (2 x6)}, {(2 x5), (4 x6)}, {{2 xX4), (5 X6)}

3. 47 EEAYY 584

gea EFZe el e BAe 9d #5353 EE(Complete Randomized Block : CRB) CDCH
g of] A
Var(g;— é\j) crs =20 /{r.(p—2)} (3.1)
= p(p—1)d" [{b1 by (p—2)}
o] case 1 - case 59 & E 9n] E2A Y3 xEH 73 B EEAEES o] &3 AY
DA A=
Var(g, — &) wem=(p—1) o /{b(k— 1)} (3.2)
=2(p—1) & /{ b1 by (ky —2)}
o]},
@D B2)REH = 243 HAH 22 CDC A8 DY 284 AA g ot} #ol 7+
4= Qdth
Var(g,— &) crs by (kg —2)p

" Var(g;— &;) nem T 2bp(p-2) B3

ot o] [# 3.1]2 case 1 - case 59 BIB Al¥ D3 NBIB AE D,& °]&ste] p<2l olx
b<1109 ASAA 27t FAT £ dE 243 FHEES CDC A o9 T&4E& AA
3 Aolr}, o] Hol AAF series 4 - series 588 Raghavarao(1971)¢] BIB A8 -& el
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[F 31] A4 & &2 CDC AY 284
Dy D, D
T4
Series| vy by 7, ki Al vy by by ky v Ayl p b k v, n e HH
4 5 5 4 4 3|14 3 6 4 3 3|5 15 2 3 30  0.833 case 2
5 5 10 6 3 33 3 6 4 4 6|5 30 2 6 60 0.833 case 5
8 6 6 5 5 415 5 10 4 4 3{6 30 2 4 60 0.750 case 1,3
8 6 6 5 5 4[5 10 20 4 8 6|6 60 2 8 120 0.750 case 5
7 6 10 5 3 23 3 6 4 4 6|6 30 2 4 60 0.750 case 5
9 6 15 10 4 6|4 3 6 4 3 316 4 2 6 90 0.750 case 2
10 7T 7 3 3 1{3 3 6 4 4 6|7 21 2 2 42 0.700 case 5
11 7T 7 4 4 214 3 6 4 3 317 21 2 2 42 0.700 case 2
13 7 7 6 6 5|6 5 1B 6 5 5|7 3B 3 5 105 0933 case 2
16 8 8 7 7 6|7 7 2l 6 6 5|8 5 3 6 168 0.889 casel 4
15 8 14 7 4 314 3 6 4 3 3|8 42 2 3 84  0.667 case 2
17 9 12 4 3 113 3 6 4 4 619 36 2 2 72 0.643 case 5
20 9 12 8 6 5|6 5 15 6 5 5|19 60 3 5 180 0.857 case 2
19 9 18 8 4 3|14 3 6 4 3 319 54 2 3 108 0.643 case 2
22 9 18 10 5 55 5 10 4 4 319 9 2 5 180 0.643 case 1,3
28 10 10 9 9 819 9 36 8 8 710 90 4 8 360 0.938 case 1
23 10 15 6 4 2|4 3 6 4 3 3110 45 2 2 90 0625 case 2
27 10 15 9 6 5|6 5 15 6 5 5[10 75 3 5 225 0833 case 2
26 10 18 9 5 4|5 5 10 4 4 3110 9 2 4 180 0.625 case 1
26 10 18 9 5 4{5 5 10 4 4 3|10 9 2 4 180 0.625 case 3,5
25 10 30 9 3 213 3 6 4 4 610 90 2 4 180 0.625 case 5
29 i1 11 5 5 2|5 5 10 4 4 31|11 55 2 2 110 0611 case 1,3
30 1 11 6 6 3|6 5 15 6 5 5111 55 3 3 165 0.815 case 2
32 11 11 10 10 910 9 45 10 9 911 9 5 9 495 0978 case 2
36 12 22 11 6 5|6 5 1 6 5 5112 110 3 5 330 0.800 case 2
35 12 33 11 4 3|4 3 6 4 3 3112 99 2 3 198  0.600 case 2
37 13 13 4 4 1|14 3 6 4 3 3113 39 2 1 78 0591 case 2
38 13 26 6 3 113 3 6 4 4 6113 78 2 2 156 0.591 case 5
43 15 15 7 7 37 7 21 6 6 5|15 105 3 3 315 0.769 case 1,4
44 1515 8 8 418 7 28 8 7 7|15 105 4 4 420 0.865 case 2
42 15 3 7 3 113 3 6 4 4 6|15 105 2 2 210 0577 case 5
47 6 16 6 6 2|6 5 15 6 5 51|16 8 3 2 240 0.762 case 2
46 16 20 5 4 174 3 6 4 3 3116 60 2 1 120 0571 case 2
58 21021 5 5 1|5 5 10 4 4 321 105 2 1 210 0.553 case 1,3

DY
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